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（1）拟南芥在 BABA 预处理 3 天后叶片无可见病斑产生；模拟酸雨处理 7
天后，模拟酸雨处理组的病斑比率为 19%，而用 BABA 预处理之后病斑比率下
降为 6%；只用 BABA 处理组始终无可见病斑产生。这说明 BABA 预处理能显
著提高拟南芥对模拟酸雨的抗性，而 BABA 本身并没有对拟南芥叶片产生可见
的伤害表型变化。 






酸-2-酮戊二酸转氨酶；与离子稳态相关的蛋白主要有 V 型质子 ATP 酶、钙转运
ATP 酶；与能量转换相关的蛋白有 ATP 合成酶、ATP 酶、Rubisco、Rubisco 激
活酶和氧进化增强蛋白等；与系统获得性抗性相关的蛋白主要有硫氧还家族蛋
白、甲醛脱氢酶、谷胱甘肽合成酶和病程相关蛋白；与抗氧化系统相关的蛋白有

















腔结合蛋白、forever young gene 蛋白、细胞色素 B、抗病蛋白、protein BPS1、
D4 膜联蛋白、黑芥子酶结合蛋白、胁迫诱导蛋白、单半乳糖酰基甘油合成酶和
universal stress protein 等。 
（4）BABA 诱导拟南芥几种主要抗氧化酶的活性变化如下：在 BABA、模

























Acid rain, as a worldwide environmental issue, has attracted increasing concerns. 
All nations in the world are trying their best to reduce the occurrence of acid rain. On 
the other hand, scientists are woking to elevate plants tolerance to acid rain. As a 
high-effective and broad-spectrum plant resistance inducing agent, β-aminobutyric 
acid (BABA) can induce many plant species resisting various abiotic and biotic 
stresses. The principle of BABA-induced resistance is blank yet in this field. This 
experiment is aimed to study the BABA inducing mechanism in Arabidopsis thaliana 
under simulated acid rain (SiAR) using comparative proteomic methods combined 
with some physiological index. The main results are showed as follows:  
(1) BABA-induced external transformation and their necrosis percentage in the 
absence/presence of SiAR were observed. The results showed SiAR-treated plants had 
a great external transformation compared with BABA+SiAR groups whereas BABA 
itself didn’t produce any visible harmful changes. During 3 days’ BABA treatment, 
there was no visible external changes in Arabidopsis leaves, and after 7-day SiAR 
treatment large-scaled necrosis lesions appeared in leaves with the percentage of 19%. 
As for BABA+SiAR group, there was an obvious decline (13%) of necrosis lesions. 
There were still no visible lesions appearing in BABA group. So BABA at 
experimental concentration had no serious damage to Arabidopsis leaves as time went 
by but could alleviate SiAR induced damages. 
(2) As the global pattern of proteins largely remained unaltered, 174 out of the 203 
differential proteins were positively identified by MALDI-TOF MS. The identified 
proteins were divided into 10 groups based on their biochemical functions. Of them, 
141 proteins had assigned functions. A majority of these were cell rescue, 
development and defense related proteins, followed by transcription, protein synthesis, 
folding, modification, destination associated proteins; a large portion was also 
represented by energy production and conversion proteins. 
(3) Carbon-nitrogen metabolism related proteins mainly included xylose isomerase, 
starch synthase, S-adenosyl methionine synthetase, glycine hydroxymethyltransferase, 
transaminase, homocysteine S-methyltransferase and alanine-2-oxoglutarate 















ATPase and calcium-transporting ATPase; energy production associated proteins 
include ATP synthase, Rubisco and Rubisco activase; systemic acquired resistance 
(SAR) -related proteins included thioredoxin family protein, formaldehyde 
dehydrogenase, glutathione transferase, glutathione synthetase, pathogenesis-related 
protein, etc.; anti-oxidant system proteins include monodehydroascorbate reductase, 
red chlorophyll catabolite reductase, glutathione transferase, pyridoxine biosynthesis 
protein, glutathione synthetase, peroxiredoxin, L-ascorbate peroxidase and 
lipoxygenase; other stress responsive proteins included Hsps, luminal binding protein, 
forever young gene, phytochrome B, disease resistance protein, protein BPS1, 
annexin D4, myrosinase-binding protein 1, stress-inducible protein, 
monogalactosyldiacylglycerol synthase 2 and universal stress protein family protein. 
(4) Based on the proteomic data, we determined several main Arabidopsis 
antioxidant enzyme activity changes induced by BABA. The results showed that the 
activity of SOD, POD, APX increased after BABA, SiAR and BABA+SiAR 
treatment. But BABA+SiAR treatment could induce the hightest activity to eliminate 
over-produced superoxide rapidly.  
(5) Finally, our comparative proteomic analysis revealed a systematic 
BABA-induced SiAR tolerance mechanism in Arabidopsis. BABA could lead to a 
large-scaled foundational metabolism change and simultaneously activate anti-oxidant 
system, SA, JA, ABA signaling pathways through alteration of redox status. 
Interestingly, BABA-induced resistance was associated with an enhanced capacity for 
the rapid and effective activation of cellular defense responses. In addition, BABA 
could reinforce physical barriers to defend SiAR stress. Our research provided a new 
thought for plants resistance to SiAR. 
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境问题。通常所说的酸雨，是指 pH 值小于 5.6 的酸性降水[1]。天然降水溶入 CO2，
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Mg2+等的淋失，从而抑制植物的糖、脂、氮代谢,进而影响其整个物质代谢过程。
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演着重要角色。用 SA 处理的芥子苗（Sinapis alba）表现出一种加强的抗热及热
适应能力[25]；在拟南芥中，内源 SA 的积累能够提高其基础抗热性[26]；玉米(Zea 
mays)植株用 SA 预处理会诱导产生抗氧化酶并能导致一种强化的抗冷害能力[27, 
28]；SA 处理还能提高小麦（Triticum aestivum）幼苗对高盐及干旱的抗性[29]。 
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建立需要内源性 SA 水平的上升和与其相关联的 SAR 基因的表达，这些基因当
中有些编码病程相关蛋白（PR），PR 在体内具有一种抗逆活性，但它们在 SAR






敏反应的发生[32]。当用荷兰芹细胞培养悬浮液解释 SA 和 BTH 对防御基因的激
活作用时，被激活一类基因包括编码阴离子过氧化物酶和甘露醇脱氢酶，这些基
因在低浓度的 SA、BTH 时被明显诱导表达[30, 33]；另一类基因包括编码苯丙氨酸




在拟南芥中，发现 BTH 能够直接激活 PR-1 和 PAL 基因，响应 Pseudomonas 
syringae pv.tomato（Pst）对其侵染。在面对机械损伤或水分渗透胁迫时 BTH 同
样诱导激活 PAL 并加强胼胝质的沉积。这表明启动效应可能是植物体的一种普
遍现象，它同时介导病原体防御与物理损伤、渗透胁迫之间防御信号途径的串话。
当用无毒的 Pst 侵染拟南芥时，PAL 和 PR-1 的表达更强。植物的这种启动效应
在化学试剂与外来胁迫诱导的 SAR 中均起重要作用。 
这种启动效应诱导的防御反应还存在于根际细菌介导的 ISR 中。ISR 是被特
定的腐生根际细菌所激活植物产生广谱抗性的反应[34]。ISR 导致植物抗性增加的
第一个证据来自于康乃馨（Dianthus caryophyllus）的实验。非致病性根际菌种
Pseudomonas fluorescens WCS417 定居于康乃馨植株根际后便具备对 Fusarium 
oxysporum f. sp. dianthi 的一种强化抗性。在病原体侵染之前不论是诱导植株还是
非诱导植株均没有发现植物抗菌素水平的上升，而只是病原体 Fusarium 
oxysporum f.sp.dianthi 侵染之后表现 ISR 的植株植物抗菌素水平明显比非诱导的
植株要高[35]。同时也有根际细菌诱导的植物细胞壁加强的证据。根际细菌 Bacillus 
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由非致病性根际细菌 P. fluorescens WCS417 激活的拟南芥 ISR 不依赖于 SA
和 PR，但却需要 JA 和 ET 的完整信号途径参与[36, 37]。对 JA 和 ET 的局部和系
统水平分析发现 ISR 与这些信号分子的量无关[38]，表明这种诱导抗性是基于植
物对这些激素敏感性的增强而并不是量的增加。用 Pst DC3000 侵染拟南芥之后
发现，可被 JA 诱导的基因 AtVSP 表达加强，而其它几种可被 JA 诱导的基因却
没有被加强，表明 ISR 跟一套特定的 JA 响应基因有关。例如，用甲基茉莉酮酸
酯预处理荷兰芹细胞悬浮液能够潜在加强各种 phenylpropanoid 的防御反应[39, 
40]。 
ET 在诱导抗性中的作用目前还不十分清楚。尽管 ET 在拟南芥 ISR 信号途
径中起重要作用，但在表达 ISR 的组织中 ET 含量未见增加。用乙烯前体物
1-aminocyclopropane-1-carboxylate（ACC）处理植物发现表达 ISR 的植物释放的
ET 显著多于对照，明显表达 ISR 的植株把 ACC 转变成 ET 的能力更强。外源
ACC 的应用能够诱导拟南芥对 Pst DC3000 的抗性[37, 38]，我们可以认为在病原体
入侵的初期一种更快更强的 ET 生成会对植物的抗性有益。此外，有报道称 JA
和 ET 在番茄受伤反应中一起调节蛋白酶抑制剂的基因表达。 
近年来发现跟脂肪酶同源的基因参与 SA 诱导的防御反应。例如，强化疾病
敏感性（EDS1）基因编码的蛋白质跟真核生物脂肪酶有相同的催化位点[41]。已
证明 EDS1 在依赖于 SA 的 PR 积累上游起作用但并不参与 JA 诱导的 PDF1.2 基
因的表达。而 EDS1 突变体则会表现出一种较强的胁迫易感性和内源性 SA、PR
的缺失[41]。植物抗菌素基因 PAD4 也具有脂肪酶的序列相似性，并且用无毒细菌
和 SA 处理后其表达也会增强[42]。因此，EDS1 和 PAD4 均在外来胁迫诱导 SA 积
累的上游起作用，同时它们的表达可被外源性 SA 加强。以上事实说明依赖于 SA
的正反馈调节能够加强植物的抗性[41, 42]。 
迄今为止，大部分依赖于 JA/ET 的防御反应都是不依赖于 SA 的。如植物防
御基因 PDF1.2 可被 JA 和 ET 信号传导途径诱导，却不能被 SA 信号途径诱导，
并且在水杨酸羟化酶（NahG）突变体中 JA/ET 的这种诱导可被加强[43]，表明 SA
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